SUMMARY Background
Serum fibrosis markers are useful in staging chronic hepatitis B (HBV) and C (HCV) virus but have not been evaluated in chronic hepatitis D virus (HDV).
Aim
To evaluate the utility of serum fibrosis markers [fibrosis-4 score (FIB-4), aspartate aminotransferase (AST) to alanine aminotransferase (ALT) ratio, aspartate aminotransferase ratio (AAR), age-platelet index (API), AST-toplatelet-ratio-index (APRI) and Hui score] in HDV infection.
Methods
Clinical and histologic laboratory data from HBV, HCV and HDV patients were evaluated and serum fibrosis markers were calculated. The ability of fibrosis markers to detect advanced fibrosis (Ishak ≥4) and cirrhosis (Ishak = 6) were evaluated and compared between viral infections.
Results
A total of 1003 subjects (HCV = 701, HBV = 240 and HDV = 62) with mean age of 46 AE 11 and 66% male were evaluated. HDV subjects had higher ALT and AST than HCV and lower platelets than both HBV and HCV. Histologically, HDV had the greatest percentage of Ishak ≥4 and necroinflammation. FIB-4 performed best in detecting advanced fibrosis and cirrhosis in all viral cohorts. In HDV, area under the receiver operator curve (AUROC) 95% confidence intervals for detecting advanced fibrosis were: FIB-4 = 0.70 (0. 55- 
Conclusions
Serum fibrosis markers have lower performance accuracy in chronic HDV infected patients compared to HBV and HCV patients. Other noninvasive fibrosis markers should be explored to assist in the management of these patients.
INTRODUCTION
Chronic hepatitis delta virus (HDV) infection affects an estimated 15-20 million people worldwide and is considered the most severe form of chronic viral hepatitis. 1, 2 With increased serological testing and awareness of HDV, its prevalence in Western Europe and North America has decreased, 3, 4 however, the disease burden remains high in Africa, the Mediterranean basin, Central Asia, Mongolia and Russia. 2, 5 The clinical course of chronic HDV infection has been described to be accelerated compared to hepatitis B virus (HBV) mono-infection with rates of fibrosis progression to cirrhosis within 2-6 years. 6 The risk of hepatocellular carcinoma (HCC) and mortality due to liver disease is also increased compared to other viral hepatitis infections. 7 Treatment of this devastating disease remains unsatisfactory. Interferon-based therapies result in a clearance rate of 25-30% at most, and only after prolonged treatment. 8 New potential therapies are still in various stages of clinical development. [9] [10] [11] [12] Hepatic fibrosis is a consequence of chronic viral liver diseases, which left unabated leads to structural and functional changes. 13 The final common pathway of increasing hepatic fibrosis is the development of cirrhosis, cirrhosis-related complications and ultimately death from liver failure. 13, 14 Although liver biopsy is the goldstandard method of assessing hepatic fibrosis, it is expensive, invasive and has procedural risks. 15 In chronic viral hepatitis, identification of advanced fibrosis and cirrhosis remains important, especially for clinical decision-making purposes such as therapy, screening for HCC, monitoring cirrhosis-related complications, and referral for liver transplantation. Over the past two decades, several clinically useful noninvasive markers for hepatic fibrosis have been developed and found to be accurate in both viral and nonviral liver diseases. In chronic hepatitis B and C, the aspartate aminotransferase (AST)-to-alanine aminotransferase (ALT) ratio (AAR, aspartate aminotransferase to alanine aminotransferase ratio) 16 AST-to-Platelet Ratio Index (APRI), 17, 18 Fibrosis-4 (FIB-4) test, 19, 20 Age-Platelet index (API) 21 and the Hui score 22 have been extensively studied their performance accuracies for predicting hepatic fibrosis have been reasonably well defined. While commercially available algorithms and transient elastography have also been studied, they are expensive, use uncommon parameters and are not routinely available worldwide, especially for analysis of large populations or in underserved areas. 23, 24 Although chronic HDV infection has been reported worldwide, its highest prevalence has been described in areas with limited resources, which often makes liver biopsy, commercial fibrosis serologic testing and transient elastography inaccessible. The utility of a simple noninvasive fibrosis biomarker for staging of disease, clinical decision-making and education of patients from routinely performed laboratory tests has not been explored in chronic delta hepatitis. Thus, we sought to evaluate and compare the performance accuracy of readily available and published noninvasive fibrosis markers in subjects with chronic HDV infection.
METHODS

Study population
This retrospective, cross-sectional study was performed using a cohort of patients with chronic hepatitis B, C and D who underwent liver biopsy at the Clinical Center of the National Institutes of Health (NIH) between 1985 and 2015 (NCT00001971). The analysis included consecutive adult subjects with chronic HBV, hepatitis C virus (HCV) and HDV infection who underwent an initial pre-treatment liver biopsy and had concurrent laboratory assessments that included routine liver tests and complete blood counts.
Subject data were collected using the NIH Biomedical Translational Research Information System (BTRIS) including age (at time of liver biopsy), gender and selfreported race and ethnicity. In some instances, laboratory values from external sources were captured through data abstraction. As some subjects had multiple laboratory values around the time of the liver biopsy, component laboratory results were chosen that were taken closest to the time of the procedure and within the previous 2 months.
Chronic HCV infection was defined as presence of HCV-RNA in serum for 6 months before the liver biopsy or presence of histologic and clinical features of non-A non-B hepatitis in patients undergoing biopsy before 1991 who were later proven to have HCV infection based upon testing of stored serum for HCV RNA. Chronic HBV infection was defined as presence of hepatitis B surface antigen (HBsAg) in serum at time of liver biopsy and positive staining for HBsAg or HBcAg in hepatocytes. Chronic HDV infection was defined as presence of anti-HDV and HDV RNA in serum or positive staining for hepatitis delta antigen in hepatocytes histologically.
All patients were enrolled in clinical research protocols that had been approved by the National Institute of Diabetes and Digestive and Kidney Diseases Institutional Review Board and gave written, informed consent for participation.
Liver histopathology
Liver biopsy specimens were read and scored by an expert hepatopathologist (D.E.K.). Only biopsies with adequate tissue were scored, which was defined as biopsy length of 15 mm or a minimum of 10 portal tracts visualized. The modified histology activity index (HAI) 25 was used for grading of necroinflammation and the Ishak fibrosis score 26 for staging of fibrosis. The total necroinflammatory HAI score comprised the individual scores for periportal inflammation and necrosis (0-10), lobular inflammation and necrosis (0-4) and portal inflammation (0-4). The Ishak fibrosis (Ishak) score scale ranged from 0 for no fibrosis to 6 for cirrhosis.
Serum fibrosis markers
The noninvasive serum markers selected for evaluation have been reported and validated largely in chronic hepatitis C and B with cut-offs that have a high positive predictive value for identifying advanced fibrosis or cirrhosis. For this study, the most widely published algorithms that could be calculated with routine laboratory testing were evaluated. These scoring systems included the AST to ALT ratio (AAR), the API, the AST-to-platelet-ratio-index (APRI), the Fibrosis-4 (FIB-4) score and the Hui score (Table S1 ).
The AST to ALT ratio. Perhaps the earliest noninvasive surrogate marker utilized in predicting hepatic fibrosis was the ratio of the absolute value for AST and ALT. The AAR was created and validated for use in chronic hepatitis C where an AAR ≥1 was predictive of cirrhosis. 16 Further analyses showed that it was also helpful in chronic hepatitis B and nonalcoholic steatohepatitis. 27, 28 The formula for calculating the AAR is:
The Age-Platelet Index. The API was initially developed for use in chronic hepatitis C with set ranges to predict cirrhosis. 21 Using a cut-off ≥6 to identify cirrhosis resulted in an area under the receiver operating curve (AUROC) of 0.91. 29 It has also been studied in chronic HBV with AUROC being 0.89 for identifying cirrhosis in one study. 30 The formula for calculating the API is:
The AST-Platelet-Ratio-Index. The APRI was developed in a cohort of patients with chronic hepatitis C with cutoffs studied for significant fibrosis, defined as Ishak ≥3 and for cirrhosis, defined as Ishak ≥5. 31 In the original paper, the AUROC for significant fibrosis was 0.80 using a cut-off ≥1.5 and for cirrhosis was 0.89 using a cut-off ≥2.0. APRI has also been studied in a large meta-analysis in chronic hepatitis B 32 with an AUROC value of 0.79 for significant fibrosis at a cut-off 1.5 and 0.75 for cirrhosis using a cut-off 2.0. The formula for calculating the APRI is: The Hui score. The Hui score 22 was developed exclusively for chronic hepatitis B. This scoring system yielded an AUROC of 0.79 for significant fibrosis in the initial publication. As most of the scoring systems for predicting fibrosis prediction were initially developed in hepatitis C, the Hui score was an attractive prediction model to evaluate in chronic hepatitis D as well as hepatitis C. The formula for calculating the Hui score is:
Hui score ¼ 3:148 þ 0:167 Â BMI þ 0:088 Â total serum bilirubinðmg/dLÞ À 0:151 Â serum albuminðg/dLÞ À 0:019 Â PlateletðK=lLÞ
Statistical methods
Statistical analysis was performed by SAS software (Statistical Analysis Software, version 9.4; SAS Institute, Cary, NC, USA). The data were stratified according to two outcomes, advanced fibrosis (Ishak ≥4) and cirrhosis (Ishak = 6). Univariate analysis was performed for the following variables: FIB-4, AAR, APRI, Hui score and API. Logistic transformation was applied for normality. The AUROC curve was used to measure the diagnostic accuracy of the biomarkers in HCV, HBV and HDV for detecting advanced fibrosis and cirrhosis. Sensitivity, specificity, positive and negative predictive values were also calculated for advanced fibrosis and cirrhosis based on cut-offs predefined in the literature. To compare the differences between different models, the DeLong method was employed to compare the highest performing model to others for calculation of the S.E. of the AUC and of the difference between two AUCs. 35 Last, adjustment of cut-off points for detecting advanced fibrosis using FIB-4 and cirrhosis using APRI were performed using Youden-Indices to evaluate for improvement in the diagnostic performance of these markers in chronic hepatitis D. 36 
RESULTS
Subject demographics and laboratory evaluation
A total of 1452 subjects were identified of whom, 307 were excluded as they had a co-existing nonviral hepatitis liver diseases and 142 because of incomplete clinical documentation. The final study population consisted of 1003 adult subjects with chronic viral hepatitis; 701 due to HCV, 240 to HBV and 62 to HDV/HBV coinfection ( Figure 1) .
The mean age for all subjects was 46 AE 11 years with a predominance of male sex (n = 664, 66%) and Caucasian race (n = 615, 61%) in the overall study cohort (Table 1) . No subjects had HCC or decompensated liver disease at the time of enrollment and liver biopsy. Age distribution was different among the three groups, the HDV (39 years) and HBV (43 years) cohorts being younger than the HCV cohort (47 years, P < 0.0001). The HDV and HBV cohorts were also more likely to be men (78% and 79%) than the HCV cohort (63%). Patients with chronic hepatitis B were more likely to be Asian (35%) than those with HDV (18%) or HCV (7%) infection, but the relative distribution of non-Asian races and ethnic groups tended to be similar.
Routine laboratory test results in the three cohorts are also shown in Table 1 . In general, serum aminotransferase levels were higher in patients with chronic hepatitis B and D than in hepatitis C and these results were statistically significant for ALT values (HDV = 134 AE 147 U/L, HBV = 124 AE 95 U/L, HCV = 95 AE 77 U/L). In contrast, serum AP and bilirubin were only minimally higher among those with HDV than those with HBV or HCV infection. Strikingly, platelet counts were lowest in the HDV cohort (160 AE 70 K/lL) compared to the HBV cohort (182 AE 59 K/lL, P < 0.02) and HCV cohort (194 AE 67 K/lL, P < 0.0002).
In subjects with HDV, genotype 1 infection was the predominant infection (genotype 1 = 41, genotype 6 = 1, unknown genotype = 20). Quantitative HBV DNA level was detectable in 20 of 24 chronic HDV subjects who were not on nucleoside analogues and was significantly lower at 1.9 AE 0.9 log IU/mL compared to chronic HBV subjects at 6.5 AE 2.1 log IU/mL (P < 0.001).
Histopathologic evaluation
Histological scoring showed that patients with HDV infection had on average higher necroinflammatory scores (HAI) and more advanced fibrosis that those with HBV or HCV infection (Table 1) . Thus, 34% of those with chronic delta hepatitis had severe activity (HAI 13-18) compared to 11% with hepatitis B and only 5% with hepatitis C. The HBV cohort had the broadest range of HAI scores, having higher proportion with mild inflammation and necrosis (16%) compared to HCV (10%) and HDV (3%). On the other hand, the HBV cohort had a higher rate of more severe activity than the HCV cohort. These differences were reflected in the mean HAI scores for the three cohorts, being highest with HDV infection (10.1 AE 3.3), intermediate with HBV (7.7 AE 3.5) and lowest with HCV infection (7.9 AE 2.8, P < 0.0001). Fibrosis scores were also higher in the HDV cohort, 16% having cirrhosis (Ishak = 6), compared to only 7% of those with HBV and 9% with HCV infection. Conversely, the HDV cohort had a lower percentage (15%) of patients with no or only mild fibrosis (IF ≤2) compared to 53% of patients with HBV and 60% with HCV infection. These differences were also reflected in the mean fibrosis scores in the three cohorts, being highest with HDV (3.6 AE 1.5), intermediate with HBV (2.4 AE 1.8) and lowest with HCV (2.2 AE 1.8: P < 0.0001). Figure 2 ) and AUROC was calculated (Table 2) Since FIB-4 performed the best across all chronic viral hepatitis cohorts in detecting advanced fibrosis, the FIB-4's AUROC performance was then compared to the performance of the other noninvasive biomarkers (Table S2 ). In HCV, FIB-4 demonstrated statistically superior performance to AAR (P < 0.0001), API (P < 0.0001) and Hui score (P < 0.05) but failed to demonstrate an improvement over APRI (P = 0.13). In HBV, FIB-4 was superior to APRI (P < 0.01) and AAR (P < 0.01) but failed to demonstrate a performance improvement over the Hui score (P = 0.21) and the API (P = 0.14). Interestingly, in HDV, FIB-4 did not demonstrate any significant improved diagnostic performance over any another other model.
The sensitivity, specificity, positive and negative predictive values of FIB-4 in chronic Hepatitis D was evaluated utilizing the published standard cut-off ≥3.25 for the detection of advanced fibrosis. Overall it performed the worst in HDV (Table S3 ). The overall sensitivity and specificity were low in HDV at 56% and 65% respectively. The positive predictive value of FIB-4 was also low in HDV (26%) and HBV (33%) compared to HCV (52%). The negative predictive values were also lowest in HDV at 83% compared to 94% in HBV and 95% in HCV.
Adjustment of FIB-4 cut-offs for diagnosing advanced fibrosis (Ishak ≥4)
Since FIB-4 is widely used and has an established cut-off for diagnosing advanced fibrosis in hepatitis C, an attempt was made to adjust the cut-off values to ascertain if diagnostic accuracy could be improved in HDV ( Table 3) . A lower cut-off ≥2.03 improved the positive predictive value to 69% with an incremental improvement in sensitivity and specificity at 69% and 78% respectively. However, the negative predictive value declined to 83% from 78%. (Ishak = 6) In subjects with cirrhosis (Ishak = 6), all biomarkers were evaluated for their performance accuracy (Figure 3) . Similar to the advanced fibrosis analysis, FIB-4 outperformed all other biomarkers in all cohorts with an AUROC in HCV of 0.91, in HBV and HDV at 0.83 (Table 2) . Similarly, AAR again performed consistently poor in all viral hepatitis cohorts with an AUROC of 0.68 in HCV, 0.78 in HBV and 0.70 in HDV.
Biomarker performances in identifying cirrhosis
Interestingly, in cirrhosis, the API was the second best performing noninvasive biomarker. In HCV, the AUROC was 0.88 and in both HBV and HDV the AUROC was 0.80. The APRI performed similarly to the API in HCV (AUROC = 0.87), but then experienced a drastic performance decline in both HBV (AUROC = 0.69) and in HDV (AUROC = 0.75). Similar to the findings in the advanced fibrosis analysis, the Hui score performed the best in HCV (AUROC of 0.83), and with decay in performance in chronic HBV (AUROC = 0.77) and in chronic HDV (AUROC = 0.70).
Since FIB-4 once again performed the best across all chronic viral hepatitis infections, a direct comparison of FIB-4 in cirrhosis to other noninvasive biomarkers was performed (Table S4 ). In HCV, FIB-4's performance was statistically superior to AAR (P < 0.0001), APRI (P < 0.005) and Hui score (P < 0.01) but only trended towards improved performance over API (P = 0.08). Interestingly, in HBV, FIB-4 only performed statistically better than APRI (P < 0.001). In HDV related cirrhosis, FIB-4 failed to significantly outperform any other biomarker and only demonstrated a trend towards significance with AAR (P = 0.06) and the Hui score (P = 0.07).
Adjustment of cut-offs for APRI in HDV related cirrhosis (Ishak = 6) As APRI has been validated in hepatitis B and C for diagnosis of cirrhosis, an attempt was made to improve the diagnostic accuracy for the detection of HDV cirrhosis (Table 3) . At the published cut-off ≥2.0, APRI demonstrated a low sensitivity of 25% but an excellent specificity of 92% in detecting HDV cirrhosis. By Youden-Indices, adjustment to a cut-off ≥1.67 yielded a higher sensitivity at 90% but lower specificity at 60%. At ≥1.67, the negative predictive value improved from 60% to 97% but the positive predictive value declined from 73% from 30%.
DISCUSSION
In this study of 1003 well-characterized subjects with viral hepatitis, the role of several validated noninvasive fibrosis models for predicting the spectrum of liver disease from advanced fibrosis to cirrhosis were evaluated, with focus on the performance of these models in chronic hepatitis D infection. With the exception of the Hui Score, all of these biomarkers were initially created for use in hepatitis C but have also been evaluated in HBV. 37 While there is increasing evidence that these scores perform worse in HBV compared to HCV, the utility in HDV is less well defined. 38 The results from this study not only add to the growing body of evidence that these biomarkers perform worse in HBV compared to HCV, but in the identification of hepatic fibrosis extending beyond advanced fibrosis, these biomarkers perform the worst in HDV. In identifying Ishak fibrosis ≥4 in HDV, the best performing noninvasive fibrosis marker performed worse than the lowest performing noninvasive fibrosis marker in HBV and HCV. In detecting HDV related cirrhosis, the performance of these biomarkers do not match those of HBV and HCV. Similar to the recent description by Lutterkorn et al. from HDV infected subjects in the HIDIT-2 cohort, we add to the paucity of existing evidence that noninvasive fibrosis markers perform poorly in HDV. 38 In contrast, the data presented in this cohort compare three unique cohorts of chronic viral hepatitis patients with comparisons of noninvasive fibrosis biomarker performance across HBV, HCV and HDV infection. In addition, our analysis utilizes differing histologic fibrosis cut-offs (Ishak ≥4 and Ishak =6) which can be utilized with equivalencies of Metavir F ≥ 3 and F = 4. 39 Of interest, we performed an analysis utilizing their cut-off of Ishak >2 and >4 which yielded similar results (Tables S5 and  S6 ). Finally, we provide direct histological comparisons across chronic viral hepatitis infections related not only to fibrosis but also necroinflammation, which may provide insight for the poor performance of the compared models in HDV.
There are several plausible reasons that may explain the poor performance of these markers in HDV. First, it has been described that HDV is often more rapidly progressive, has higher transaminase levels and greater thrombocytopenia compared to HBV and HCV monoinfection. 4, 40 Much of this is due to the high levels of activity in HDV, which is manifested as hepatic inflammation and is identified on histology. 41, 42 Similar to other descriptions, in our cohort, patients with HDV demonstrated significantly higher levels of necroinflammation on biopsy. Therefore, since all of the evaluated biomarkers utilize either a component of the transaminases or platelets in their model, this could explain the poor performance in HDV compared to HBV and HCV. Second, these biomarkers were initially designed for use in single viral infections such as HBV or HCV and not dual viral infections such as HDV. Interestingly, in dual viral infections such as HIV/HCV, these models perform worse. 20, 33 Thus, while it appears more likely that the poor performance of these biomarkers are a result of disease severity, the dual viral component in HDV/HBV may play a contribution.
In all viral cohorts evaluated in this study, FIB-4 consistently outperformed all other biomarkers while the AAR consistently performed the worst. The data presented in this cohort add to the growing body of evidence that FIB-4 may be the most clinically accurate biomarker that utilizes commonly available tests. 43, 44 The major components utilized in calculating the biomarkers examined in this study include platelets (four of five biomarkers), transaminases (four of five biomarkers) and age (two of five biomarkers) that may provide a rationale for these performances. It has been well described that platelet counts decline with increasing hepatic fibrosis, portal hypertension and differing levels of thrombopoietin synthesis. 45 In addition, hepatic transaminases are often elevated until end stage liver disease 46 and ALT-to-AST ratios will change with advanced liver disease. 47 Finally, it has been suggested that advanced age is often associated with more advanced fibrosis due to the duration of viral exposure. 48 As such, of all of the biomarkers evaluated, FIB-4 utilized the greatest number of variables (age, AST, ALT and platelet count) whereas AAR utilized only two variables (AST and ALT), which are hepatocellular in nature and are significantly intertwined. Thus, it is plausible that biomarkers that utilize more variables that represent different aspects of liver disease may provide a better representation of the extent of hepatic fibrosis. Various studies utilizing HDV RNA quantitation have produced varying results, perhaps differing by genotype. 41, 42, 49 While there may be a future role of HDV RNA in fibrosis biomarkers, there is still much to be understood about HDV RNA quantitation, especially across different genotypes and a lack of standardization between assays. In addition, given the current lack of availability of the HDV RNA quantitation, its utility as a biomarker in clinical medicine is limited.
In this study, we evaluated the ability of fibrosis biomarkers to identify patients with advanced fibrosis and cirrhosis. While other comparative biomarker studies have evaluated other aspects, namely significant fibrosis (Ishak ≥3), the intent of this study was to ascertain the ability of these biomarkers to identify HDV patients with significantly advanced fibrosis who might require additional medical interventions. 50 In the clinical setting, an Ishak >F3 would warrant consideration/discussion of interferon-based therapies. In addition, subjects with Ishak 6 (equivalent to METAVIR 4 fibrosis stage) would utilize additional healthcare including variceal screening. 51 Given that interferonbased therapies result in sustained loss of HDV RNA in only 20-30% of patients, and is currently the only recommended therapy for this devastating disease, it is important to identify patients who would be eligible candidates and worth treating. 8, 52, 53 The utility of these biomarkers, or improved ones, that utilize simple routine tests could play a significant clinical role in identifying individuals who could be worth the gamble of interferon-based therapy, especially in countries without advanced medical capabilities. However, given the poor performance of the biomarkers examined in this study, specific HDV fibrosis biomarkers should continue to be sought.
To improve the performance of established noninvasive fibrosis biomarkers for HDV, we explored adjusting published cut-off values for identifying advanced fibrosis in FIB-4 and cirrhosis in APRI, which have the most extensive body of literature, and are the most commonly used of the models tested. 54 Interestingly, while FIB-4 performed the best prior to any adjustment (≥3.25), the Aliment Pharmacol Ther 2017; 45: 127-138adjustment of FIB-4 to ≥2.03 in HDV resulted in an incremental improvement in detecting advanced fibrosis.
In cirrhosis, the effect of adjusting the cut-offs was more drastic with significant improvement in sensitivity and negative predictive value with new cut-off of ≥1.67 for APRI. The mild improvement after adjusting to a lower cut-off in FIB-4 may be a result of the AST and ALT components of the calculation given that the transaminases are typically more elevated in patients with HDV compared to those with HBV monoinfection or HCV. Given these findings, it would be interesting to explore these new FIB-4 and APRI cut-offs in a separate cohort of HDV patients to see if these findings remain significant. However, it should noted that the improvement in performance in APRI and FIB-4 in HDV still does not rival that of HCV and HBV and thus, remains inferior in the detection of advanced fibrosis and cirrhosis. This study, while strong for its pre-treatment baseline disease activity characterization, is limited by the small number of HDV patients and the lack of a validation cohort in evaluating adjustment cut-off values for FIB-4 and APRI. In addition, the low number of HDV subjects with cirrhosis may have impacted the performance of noninvasive biomarkers in identifying cirrhosis. In the United States, studies on the prevalence of HDV are limited. It is believed that HDV prevalence is about 3-5% in those infected with HBV, thus limiting the number of HDV patients that can be studied. 55 In a recent study evaluating the prevalence of HDV antibody, only 73 subjects were identified after evaluating >25 000 HBV surface antigen positive subjects. 56 Thus, future exploration can be performed in regions where HDV is endemic. In addition, studies incorporating the evaluation of transient elastography in HDV may be considered though the high degrees of hepatic inflammation may need to be accounted for with higher cut-offs for significant fibrosis and cirrhosis. 57 However, there is clinical utility in continued evaluation of these noninvasive models given several endemic areas of Africa, Central Asia and Mongolia are under-developed with scarce healthcare resources.
In conclusion, existing noninvasive biomarkers of hepatic fibrosis have lower performance accuracy in chronic HDV infected patients compared to mono-infected HBV and HCV patients. In areas with advanced medical technology, other noninvasive modalities of fibrosis quantification can be explored, whereas in medically underserved areas, these readily available noninvasive markers of fibrosis may provide insight into the staging of liver disease.
SUPPORTING INFORMATION
Additional Supporting Information may be found in the online version of this article: Table S1 . Predictive models of hepatic fibrosis. Table S2 . ROC comparison of FIB4 to other models in advanced fibrosis (Ishak fibrosis ≥4) using the DeLong method. Table S3 . Performance of FIB-4 for advanced fibrosis and APRI for cirrhosis in viral hepatitis at established cut-offs. Table S4 . ROC comparison of FIB4 to other models in Cirrhosis (Ishak fibrosis = 6) using the DeLong method. Table S5 . AUROC of noninvasive fibrosis predictive models in chronic viral hepatitis B, C and D for Ishak fibrosis score >2). Table S6 . AUROC of noninvasive fibrosis predictive models in chronic viral hepatitis B, C and D for Ishak fibrosis score ≥5). 
